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HEPARIN-B1NDING BRAIN MITOGENS 

SUMMARY OF THE INVENTION 
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irjsar r .ssrrssr.'SS - — — - - 01 — " 
rsryss "Sees?, i— » — - — - — - — a 

frem that of other known proteins. brajn tissue ^ have the same N- 

BACKGROUND OF THE INVENTION 

r f ^« p "iS - ■ « ~ — » - - - — - -* ""° 

affinity chromatography (9.10), a „ further study of these unknown proteins . 

their N-terminal sequence and amino acid «2Tsoiate purify and characterize the HBBMs from brain 



BRIEF DESCRIPTION OF THE DRAWINGS 



. Ann ml nf the 06 M NaCI eluate from cation exchange 
Figure 1 depicts the fractionation o' ^i^ The horizontai bar A indicates the 
chromatography using heparin-Sepharose affin* ^^SSnLgraplwd for further refaction The 
fractions containing the HBBMs which by reverse-phase HPLC analysis. 

Szontal bar B indicates the fractions «f^^^SZm^i «• 20 ml of the materia, eluted 
Figure 2 depicts the results of Mono-S ^«^X£Ld by uTe horizontal bar A. Rg. D- Arrows 
fr0 m I heparin-Sepharose '^^T^ZiS^ numbers in the chromatogram refer to 
X2?i 1 Sft r — S ^s^Tactions coning the HBBMs which were used as a 



uRRM-1 -2 and -3. Tne nonzonwi u« ».«.~ — — 
S or mdWid^ally for further purification/charactenzation. 
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. uo . r hbbms An allouot of the pool of Mono-S-purified HBBMs 
Figure 3 depicts the reverses ^ L <] r ^ H ° B ^-^, Sited to reverse-phase HPLC. Individual 
(peaks 1-3. as Indicated by the horizontal bar ^ was ™ allots of Mono-S 

Lbumin. 66.2 kD); Lane 2: " BB ^ e column. The fractions 

Figure 5 depicts the rechromatography of H BB ^ a ^ S ^° d!lu ted three times with 

containing HBBM-3 from the ch romato fl^yd»P^J u(lder CC nd it ions identical 

starting buffer, and the «^f^jtSS^uS^ fcT^elr Ability to stimu.ate the growth of 
to those shown In Figure 2. Allquots of lrac *?^™ J J| F an d bFGF are shown with arrows, 
bovine aortic arch endothelial cells (histogram). Retention times of aFQF an id 

?Ko3 bar marks the fractions ^^T^SS^TStS 2 dote 'response analysis 
Figure 6 depicts the biological ^^ H ^^^ H MlK to stimu.ate the growth of bovine 

Mono-S-concentrated HBBM-3 was sub,ected I to , HIC, column fractions were tested for 
number of cells grown In each test well. 



DETAILED DESCRIPTION OF THE INVENTION 
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T» novo, growth factors of this inven«on «. ^^^^^oZ^ 
HBBMs have been identified In the bra,n tissues , of f^^^ZL HBBMs. 
chicken. Based on this distribution. » '^ff^^ p ~ llsned for bov , ne or human 

Tne N-terminal sequences of the HBBMs differ J™n»°V b found t0 be 

brain aFGF and bFGF (5.^^^ 

identical for human and bovme HBBMj. The N terminai seque identical with the exception o. 

audJObLKfctflU^^ or absence ot eys t 9in e was 

the cysteine residue in position 15. *^*£^tS^ position 15 is consistent with the 

^z^^^^~^r s o< ch,cken HBBMs have been 

sequenced; they are identical to those of human. ^^"T^ HBBM ., , HBBM-2 and HBBM- 
. The HBBMs have >f» j™^^ «»™*« " 

iisrssas - si ^sssi - to *. compositions - *. 

^^onTSS,, weights - ^trs^ »K 

« HBBMs probably <^ - « ^Z^^^^o acids, respectively, 

are C-terminally truncated forms of HBBM-1. lacwng ^appro y ^ Howevef _ on 

„ was found that the ratios of the ^ i ^^^^ iiM 0 , HBBMs was estimated at 
average, based on quantitative amino ^^^l^i^^. The ratios may depend 
approximately 30. 10 and 40 ug*gbra^^ ^ roleolysis duri ng tissue 

50 SnSSTSl ^ZJ^l^Z^ J*. HBBM form, which would 
^^"^ of this invent in substantially pure form from a source o, 
brain tissue comprises the sequence of steps ot 
55 (a) extraction from the source tissue; 

(b) cation-exchange chromatography; 

(c) heparin affinity chromatography: 

(d) cation-exchange chromatography; and. optionally. . 
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.(e) hydrophobic-lnteraction chromatography. 

.-H.ik, «,ith 015 M ammonium sulfate. 
The extraction «. accompHshed after 
tt^TSf^Stttt* cenM^o, foUowed by Calysls - 

9rad S second cation-exchange jf-*^* J^ftXlS phosphate. pH e.a^ollowed by 
equiI ibrated and. after loading of ^ n ^J 0 Vot 0 6 m NaCI in 50mM sodium phosphate. pH 6.8. 
, 5 elutionofHBBMswlthalineargrad.entoffrom O toae mNa „ a H!C c0 | u mn (LKB 

^Tne MroPhoblcJ— 7 .o. and 1, M sodium sulfate. 

Ultropac TSK-Phenyl-5PW) with a butter or ^, sulfate . 

quantitatively from the FGFs by reverse-phase 
Although the HBBMs may be separated easi y an a q condit ions used in reverse- 

20 HPLC J procedure reduces ; the ,1**** ^ „. FGFs in biologically ac«ve 

phase HPLC. Therefore. In order to separate and isolate in us8 Qf reverse . p hase HPLC 

£m for comparative testing, the P^ B ^^\Sofs°romTepttn-Sepharose affinity chromatography and 
was limited to the testing of ^^^^SlTand FGFs. The reverse-phase HPLC steps 
cation-exchange «ography J^J^SS tZ) e.uted with a shallow gradient of aceton.tr.lo ,n 
were performed on a cum" \ 

Oi%trifluoroaceticacld. fls tabiished by tests evidencing the induction of 

The biologicai activity of ^ J^J^^ES. £ activity demonstrated for HBBM-1 
Oogenesis in «^*^£^J?SW. The testing was performed on bov,ne 
and HBBM-3 suggests that HBBM l win w t~ 

aortic arch endothelial cells. ^ flxistence of ^genic activity and to 

Three separate tests were J^Wnwa. oom FGFs. 
demonstrate that the activity was due ^^J^^^^^^ppy whic h contained HBBM-3 were poolerf. 

Rrst . the eluent fractions from Mono-S ^ abiiity to stimulate the growth of bov.ne 

rechromatographed on a Mono-S c*umn andfren te ttd to Mh ^ ^ ^ g „ 

, vascular endothelial cells. For comparison, samples 

the results of this test „„, trt nranhsd for sample concentration on a Mono-S 

Next, the available HBBM-3 ^^^STST^^^ compared with aFGF and 
column using a steeper gradient ^^"f^gl 6 presents the results of this test. Th.s 
bFGF in dose-response analyses. The upper panel .a r 9 ^ , of Figur9 6 . 

o procedure was then repeated for HBWJ^^^g^*^ pla Ld on an hydrophobic 

JZ^^^^X* ^ C0,Um - R9UrS 7 PreS6ntS " ^ 

" Sse tests established « *e 
K a,! cells in a dose^ependent S.^c fce>*no.(dose = 0) ♦ cel. no.(dose - max)- 

f0 r HBBM-1. The EDso was ****** »™ F £ Fs ^terms of biological activity and high affinity to hepar.n. 
2] . These mitogens were comparable the ™£ m *™£ ^ 0 , 50-150 ng/ml/. 
HBBM-1 and HBBM-3 are each equipment to aFGF. ™ «« a m HBBM-3 was genu.ne and 

The test results also make plain mat %««>**ffi£££ are clearly separated by highly 
60 was not the result of contamination «^ ^ „ ^0 c , e arly separated by a second h.gh 

SSE ^ d TSff^ ^ — phy " as shown m 9 

7 ' Moreover. *e HBBMs did ---KSSJKSSI^ 
55 r everse-phase-HPLC. As further evidence tha the ^v^ w « tides correS pond- 

" "active in an immuno-dot assay JfgJ jJJL la «er yielding an anybody which 

s^r" srow,h factor no 
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t ^ MM n . uosu and aFGF preparations were carefully deter- 
according to mb. 5.7). Finally, the «^^^ a H ^ M "^^300* (Fig. 6). Based on those 
mined by quantitative am.no ad - " ^ £ e Cb?c£tanTnated with an equal amount of 
measurements, an '"JT^"^!^ ^ "** 8 contamlna,10n - 
summit ^oJsSK^ .at * actMty of HBBM-3 h not a consequence of 

^ette?™^ 

,n theory, a few percent «ntam.na«on o, HJ BM*w HBBMs ^ bFG F are widely separated 
observed. However, such a contamination te not in ^ well-separated In Mono-S 
on hepannSepharose ^f^l^M 3 w2 subbed to chromatography on a third h,gh y 

=Cs»^^ 

^ tr^sr e^ r £ sssrs s as. «. —~ 

entities would copunty, even in u«- 
> SV TJed on those results, it is concluded that the *** of HBBM-3 is genuine and not the result o 
contamination with the known hepariivbind.ng I FGFs. sequence homo | ogy 

25 rfirt^e^ - ~ phase chrow 

identty of ^^?£^JlZ^S^ 
6M ^^1TIT:^T1^ ^elTlsUgiy suspected with many we, k nown. 
30 JS^veToteins that are ^ exacted using the procedure for brain 

and/or repair of tissue, in P^^^^Xof HBBMs are the foilowing: (1) the HBBMs have the same 
The bases for this statement about the role of hbhm brain . sp ecif>c : (3) higher amounts of 

35 biological and heparin-blnding act v.* *. ^ FQ ^> ^ "and bFGF are known to have very prominent 
the HBBMs than aFGF are toul *^J^^'^ vivo and in vitro, they are mitogen* for 
neural activities, such as n""*"*^"^ L oTf^^^d inducTbrain-s^edfiS protein synthes.s. 
neuroblasts and glial cells, they P"^ 1 ?^,?^^. are dissimilar, their similarity in terms of 
Aithough the protein *at £th groups of mitogens act through a s,m ar 

dispersed in a conventional Pharm-«utea ^ d s0 forth, or orally in such forms as 
« Hons may be administered topically -I . th form of ^ s „^° of terally in the form of sterile 
tablets, capsules. **™>»££^ may be administered to human or 



5" EXAMPLE 



ss 



were found. 
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1) Tissue Extraction 



70 



J5 



riSS 25."* ~ - 3. - » • - ~ 

uspension sUrred tor a. .oast M^^^^SSte *e supernatant the suspens.cn was 
was discarded. More ammonium sulfate Wjto™*™^ ^ Ksumg pe iietwas dissolved in cold 

below) atter determining its conductivrty. 

o\ ration Exchange Chromatography 

5 ' 

Th9 tissue — suiting from me aho. B ~3^^^^ 
tissue) was subjected to batch •*^; c SfS, M rf.ai M sodium phosphate 
, D sample was diluted with water as required to bring the co)umn of carb0 xymethyl-Sephadex 

ttSss^tt^"**- — - • - - - 500 



ml/hour. 

ai Heoarin-Sepharose Affinity Chromatography 



40 



SO 



55 



.3 o. 6 M NaC, e,uate from * excise ch =; ^^^SSST. 
column (Pharmacia. 5 x 1.5 cm) at a Row rate 0,1 25 of ^ Mn e ,uate at 280 nm 

buffer containing 10 mM Tris-HCl. pH TflU M NaC. u l20 . mlnute nnear gradient from 0.6 M to 

becLe negligible. Protein I ^» ^^^tfSSu Chromatography was performe d atroorn 
2 M NaC ' in i r a M lI?'peS^c pip ln fi d°a W |S pressure LKB programmable gradient former. FraCons 
Sr^r^'X^fSuotTsubiected to bioassay „ subiecled t0 

° f ThT results of this Heparto-Sep^ h 9 orizonlal bar a. The fracUons 

{urttl er purification, using steps ^escribed ^-^SL by" HPLC ana.ysis of WftW 
containing aFGF eluted between 1.1-1.3 W Na ^ d fc ma shoulder 0 f the larger peak eating at 1 
sJbharose column fractions; data not shown) ^«°"^ H ™£ was conducted on a C4 column 



4^ Mono-S Cation Exchange Chromatography 
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25 



■nordertosepa^econtam^^ 
Nad were poo.ed. diluted ™™* n ^*™^^* bi ^ cation-exchange chromatography 
their Ionic strength to approximately that of me dltont) ana H „. a tos material was 

on a Mono-S column (Pharmacia) equinbr^j^* ^ mM P^sp ^ P 6 8 ^ 

pumped onto a Mono-S column ^^SStS^J^^ reached a minimum value, protein 
washing the coiumn with me ^e J^er unUH he J*J£^ Phosphate. P H 6.a 
was eluted with a gradient from 0 to 0.6 M NaCI ^^ f ^^S wSBl these conditions, as shown 

ln r?^"" 00 hplc at room 

temperature with a flow rate of 0.7 ml/mlnute. 0.3 M NaCI correspon 

P The first and quantitatively ^^J^X^S^mO^ aFGF In the same system 
ded to aFGF as evidenced by co-elutio wrth a reference stano r9verse1)h ase HPLC on a 

under Identical conditions (see arrow In Hg. 2> . - ™^J^ shallow gradient conditions (data not 
previously^escribed C4 column, j rtM ""^g^nTarton was expected, because the originating 
shown). The presence of aFGF in this Mono-S column^ m - me mate ria| 

fraction from ■"P-***^ as a relative* well-resolved triplet of 

eluted from the Mono-S. column at „ hereina ft e r described, they were 

peaks. Since those peaks were determined to / ,ution (F 2) . ^ 0 | ut ion behavior of 
designated as HBBM-3. HBBM-2. and *« **• HBBM. 

hum r B H B Br uws^ - ** - - F « aiso 

^Moreover! when analyzed by -se^^ 

{ r 0 m the FGFs with «* pS— ■» -* purity (as 

three HBBMs from each othe {Bg. 3) and l««P" unambiguous identification. 
^tri'SST^^ !SS -rse-phase HPLC eiu.cn patterns Identical to 



30 



those of their bovine counterparts. 

5) Hydrophobic Interaction Chromatography 



35 Actions from Mono-S chromatography co,t ^^^^ ^ 'XlTZ 
sulfate and applied to an HiC column ^^^£^.5 M sodium suifate. Protein was 
preequilibrated with a buffer of 100 mM pHTW to ^ M so(jjum ^ at 

chromatographed at room temperature «^^X^iv * * reparation system with selectivities 

„ a flow rate of 1.0 ml/min. c H *f P h f' C ^^ the HBBMs ft ° m ^ FGFS by 

r rshoir ^srsrzsn^ «- — - - * - - 

HBBMs are different chemical entities from the FGFs. 
45 ' 6) Amino Acid N-Terminal Sequence Anajysis 

Usually, sequence anaiyses were -J^/r^ 
a preliminary step in conducting some analyses ^ rd ingTo the Procedure of Gautschi-Sova 

cysteine residues of the *^^J^XX^X T%*2 molar excess of dithiothreitol and 
et al. (6). Briefly, the cysteine res d ues ( ^^" C 0 ^^^7 iod<H2 -.*C]-acetic acid, 
alkylated by carboxymethyla on using a *™™Xrtl^ pmoO were performed on an 

The amino acid N " term 't^^ 



so 



55 
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r c ,;s^^rH srs-is-'- • — - — • — ** 

same N-terminal sequence as bovine HWBMa. _ s m structurally related to 

While sequencing data clearly '^^^^^er suggest that those proteins may differ in 
each other, amino acid composites and ™"^"2^JXnalto lnterpr9 tations that either HBBM-2 

acids, respectively, at their carboxy-terminals. 

7) Molecular Weights of HBBMs 

("SDS-PAGE") as described by Qo«poda«»ta s*M J^W- » V- wsr9 ^ to ^ samp i e 

performed by SDS-PAGE as 'o» 0 ^\ A " q , u ^ d ^2lT(w°) soSL dodecyl sulfate. 4 mM EDTA. 
buffer composed of 30% ^ S'^^ll^Ta Minutes J then applied to a 20% poiyacrylamide 
and 75 mM Tris-HCI. pH 6.8. Samples were , boHeC M* ^3 minuws £ was performed in 

oel slab (1 S mm) with a 3% stacking gel. Bectrophoresis unoer rrorr « standard mixture 

d n S fashion except that dith.othre.to. ovalbumin (45 kD) 

containing lysozyme (14.4 kD). trypsm in ^< 21 ^ D> Q8 fSs'p^GE revealed the molecular weights of 
and serum albumin (66.2 kD) was also applted to e^ gel SDS ^ ^ ^ 

HBBM 1. -2. and -3 to be 18 « S ^ ^ "eclopho esed in the presence or absence of 

SX^n^^ - - — WSi9MS * 

. ...ii Hsiarminsrl hv SDS-P AGc. 



reducing ageni. inuiw>u.. a u,- _ - 

HBBMs have not yet been determined by SDS-PAGE. 

30 8 ) Amino Add Composition Analysis 



A 10-20 pmo, protein sample was ZZ^<^^ ^ 

and Schroeder (11). Briefly, the ^J^Z^^SSt^ tube was then elated with 

,iquid ^ " samp,e was then 

altowed to melt while under ^2« Atter hydrolysis, the tube was opened, dried 

in jrrthi ysssssxz s^u ^ — - ph «*» <° ~* 

onThi^ktion exchange chromatography «*«"«• chromakon 500 amino acid analyzer (Kontron. 

Based o„ vMMM «*» fl"**:^„S HSBM*. and HBBM-3, respecUvely. 
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Table I 

Amino acid compositions of heparin-binding brain 
mitogens 

iiSSSzl WSBsl HBBMrl 
Molecular weight 1 18,000 ",000 15,000 

Order of elution 

- reverse-phase HPLC 

- Mono-S 

Amino acid (number of residues) 



1 2 3 

3 2 1 



Asparagine & aspartic acid 

Threonine 

Serine 

Glutamine & glutamic acid 
proline 
Glycine 
Alanine 
Cysteine 
Valine 
Methionine 
' isoleucine ■ 
Leucine 
Tyrosine 
Phenylalanine 
Histidine 
Lysine 
Tryptophan 
Arginine 



10 


10 


9 


14 


14 


13 


9 


9 


6 


23 


20 


17 


nd 2 


nd 


nd 


16 


15 


13 


10 


8 


8 


nd 


nd 


nd 


4 


4 


4 


1 


1 


1 


2 


2 


2 


8 


7 3 


8 


2 


2 


1 


2 


2 


2 


1 


1 


1 


35 


28 


23 


3 


nd 3 


3 


8 


7 3 


8 



x as determined by SDS-PAGE 
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2 nd: not determined 

3 m accordance with the hypothesis of c-terminal 
^ncation, it is believed that the following are the 
proper values for HBBM-2 : Leucine 8, Tryptophan 3, 

Snotid^ositions are calculated fro* 3-5 deter- 
minations. 

Ami no acid corona, dat . agree 
basic protein (HBBM-3) elutes ^^^^^ man those determined by SDS-PAGE. 
weights calculated from amino add analyses are some ^ ^ ^ te£j b 

The discrepancies may be accounted to * P£j^£ ^ ^ ^s*. It Is known that proline and 

^T^S^^ 5 — * 8BMs r - yet — * 



9) Biological Activity 
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Th9 ability - certain of ^BMs toinduce SSSS 

the effect of those ^"^^sSiS °" dothelial Ce " S W9re TZ*™? 
cultured as described by Bohlen et aU ™ , 10i ooo-20.000 cells/35 mm dish) in Dulbecco's 
fractions obtained as cle.sor.bacJ ^^^^^^^^^f'^y^.o^e. storile Systorr^s. Loo^r,. ^"0- Cultures were 
modified Eagle's medium ""^'"^JJ^'^Wtions o column fraction aliquots (added on days 0 
grown for 5 days in the presence of ^^^T^ biol0 g,cal activities of the proteins tested are 
and 2) and then counted in a ^. In ^es 5-7. 

indicated in the ^^E^^S with that of the FGFs. Using published procedures 

„ i£ ir JatranTm^r althenflcity was verifled by N-termina. sequence analyses 

and molecular weight determination ^ PA ° ^ HBBM-3 from Mono-S chromatography, as shown in 
The eluant fractions «»«^^^ P 2SS hr and rechromatographed on the same system. 
Figure 2. were pooled, diluted or their ability to stimulate the growth of bov.ne 

Aliquots of these fractions were tested as d escnbed ^ above to ^ shown jn Figure 

Ocular endothena. cell. Comparative ^^^^^u cells. Furthermore, the HBBM- 
5. indicated that HBBM-3 stimulated mltogenlc acwty 

3 and its activity were separable from i the ^ps. concentrated on a Mono-S column using 

,n further test of activity the aval ^^^J^, (0-1.0 M NaCl in 20 minutes) 

the same buffer system as described for ^ 2 :^™ ^ ys9S W ere run with aFGF and bFGF. 
and lower flow rate (0.4 '^^y^SX^Z^ bovine aortic endothelial cells in a dose- 
The upper panel of Figure 6 md.cates ftatHBB ^ stim(j|ating dose b e,ng 

, dependent manner. The ED,o was in to order ^ indistinguishable, both 

approximately 3 ng/ml. The ^T^Z^^^ ™° ras P° nS9 0< HBBM - 3 '° h 

qualitatively and quantitatively undo the ^~ sedi bFGF ^ ssessed much higher potency and 
distinguishable from that of bFGF. In * 9 a f ^ ^ b9 Gaaonai , however, that the question of 
apparently higher intrinsic activity man ' ^^.^atoly in this test because doses sufficiently h,gh 

the assay conditions used. HBBM-1 The results, as shown in the lower panel of 

55 The dose-response analysis was "^J^^^ ln me same test system. Human HBBM. 
55 ngure 6. indicate that HBBM-1 was ^so b»togKa«y acjve ^ ^ 



10 



o 

EP 0 326 075 A2 



, „„ human umbilical cord endothelial cells and found to be 

Furthermore, bovine HBBMs were also tested on human urimhch 

active (data not shown). u n no-S chromatography were made 1.5 M in sodium 

HBBM-3 was active and was well-separated from both aFGF and bror. 

REFERENCES 

1.Qovodarowtez.D,XHol.^»a5l^C1»^ 253 . 3736-3743 (1978). . 

I KtfShSK 5: StSttSSSfc-s ****** 

5368 (1984). Rtzoatrick. S.. Proc. Nat Acad. 3d, M. 357-361 (1984). 

^F^aird A "STn ^ TSf^BSSSTCTW^ Gospodarow.cz. p.. 

t SSSS£ ~t Ki'iSBJS^ M.. OlSa.0. ,. - Thomas. ,. 
Science, 230. 1385-1388 (1985). ^c^amwiez D FEBS Lett. 185, 177-181 (1985). 
, B-Shlen, P.. Esc, F.. BJJ A, ^^^SSSL^W St 81. 6963- 
9. Gospodarowicz, D.. Cheng. J., uu. u., oohu, 

6967 (1884). Gospo darowicz. D., EMBO J., 4. 1951-1956 (1985). 



(1987). 



30 Claims 

, A hepaHn-binding brain mitogen In subtly pure term having the N-term.na, amino acd 

. sequence H-Gly-Lys-lys-Glu-l^s-Pro^ U ^ ^ N ., ermlnal amin0 acid 

2. A heparin-binding brain mitogen in su f^ H ™ y ^ s s ^, y ^i u .Trp-Gln-. 

35 sequence MIHy^y^y^"^^^^ y ^,J^ from bovine brain. 

3. A heparin-binding brain mitogen accordmg to daun ^ »£Utod from ^ group consisting of- 

4. A heparin-binding mitoge n , accordmfl to ^^ 0 ^ w S 9ight 0< ^ut 18.000 daltons. HBBM-2 

has 3 — wei9ht 01 *"* 15 ' 

« daltons, and an amino acid composition of: 
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Amino acid (number of 
residues) 



Asparaglne & aspartjc add 

Threonine 

Serine 

eiutamine & glutamic add 

Gtydne 

Alanine 

Valine 

Methionine 

Isoleudne 

Leucine 

Tyrosine 

Phenylalanine 

Histidine 

Lysine 

Tryptophan 

Arginine 



UDDU.1 1 


HBBM-2 


HBBM-3 
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10 


9 
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14 


13 


9 


9 


6 


23 


20 


17 


16 


15 


13 


10 


8 


8 


4 


4 


4 


1 


1 


1 


2 


2 


2 


8 


8 
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1 
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1 
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the isolation o. heparin-binding brain mitogen in substantially pure form which 

comprises the sequence of steps of 

(a) 'extraction from the source tissue; 

(b) a first cation-exchange chromatography; 

(c) heparin affinity chromatography; and 

(d) a second cation-exchange chromatography. 

6. The method of claim 5 which further comprises the step of hydrophobic-interaction chromatography 
after step (d). fractions of steps (c) and (d) are analyzed for the presence 

8°TM rtl => d*. 7 .W* ««~ M» „„, healing M ft. MM « 
heparin-binding brain mitogen of c '* m J- ^ repair of tjssue which comprises admin- 

,j^r P rn^ . 
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